INTRODUCTION
Rotenone is a secondary metabolite product with insecticide aspects (Edwards and Wratten, 1981) . It is a plant-originated product, from Leguminoceae group (Derris spp. and Lonchocarpus spp.) (Rahde, 1990) and universally utilized in artisanal fishing in South America and Southeastern Asia (Chacon, 1973) . It is a lipophilic compound that simply crosses biological barriers due to its hydrophobicity, accordingly permitting high absorption and uptake in the brain. Ever since its first use in the USA, as a fish toxicant, has added attractiveness among fish farmers in many countries due to its efficacy and short-term endurance in the pond water (Sanger and Koehn, 1997 & Lintermans, 2000) . It is commercialized worldwide broad-spectrum botanical piscicide that is frequently applied to get rid of unwelcomed fish and other unsolicited organisms and natural water bodies including lakes, wetlands, streams, ponds, lakes and rivers (Bettoli and Macenia, 1996; McClay, 2000; Chadderton et al., 2001; Ling, 2003; Turner et al., 2007 & Nanda et al., 2009 . It is also useful during pond preparation for getting rid of predacious and weed fishes (Rahde, 1990 & IPCS, 1992 . It has a tiny half-life, which endorses its usage as a noncontinuing piscicide rather than toxicants. It displays a significant level of elevated noxiousness to fish and lower degree to mammals (Haley, 1978 & Durham, 1987 . It is a neurotoxicant, and regardless of being extensively distributed in the brain, rotenone can cause selective neurodegeneration in specific regions (Talpade et al., 2000) . It was mentioned that the injected rotenone in rat brains caused the death of dopaminergic neurons (Heikkila et al., 1985) . Its impacts were attributed to that it affects cellular aerobic respiration (Lindahl and Fiberg, 1961) . It constrains the mitochondrial electron transport (Singer and Ramsay, 1994 & Fang and Casida, 1998) . Rotenone application also outcomes in neurodegeneration and death of the cells (Barrientos and Moraes, 1999) . The toxicity of rotenone to fish appears to differ little among species, the LC 50% of the examined animals after 6 h ranging from about 3 to 42 µg/L rotenone. Conversely, its toxicity appears to vary widely among aquatic species from 1.8 to 1,700 µg/L rotenone for 6-h LC50 values (Betarbet et al., 2000) . Toxicological studies on the lethal and sublethal influences of this neurotoxin in fish are even rare (Cheng and Farrell, 2007) . It is also detoxified in fish liver and possibly in the hepatopancreas of invertebrates by mixed-function oxidase enzymes (Gingerich and Rach, 1985; Hollingworth, 2001 & Ling, 2003 . It, however, establishes a danger to larval amphibians and macroinvertebrates (Johnson and Finley 1980 , Blakeley et al., 2005 & Billmann et al., 2011 , causing also undesirable consequences (Finlayson et al., 2005 & Vinson et al., 2010 . Rotenone exhibits hazardous impacts on rainbow trout; Oncorhynchus mykiss due to it lowered the swimming speed as well as its active metabolic rate (AMR) (Skadsen et al., 1980) . And due to its role as mitochondrial complex I inhibitor, it dampens the respiratory rate in mitochondria, that eventually lower the oxygen level from the branchial circulation (Niemi et al., 1991; Singer and Ramsay 1994 & Fajt and Grizzel, 1998) . Furthermore, fish are sensitive to acute doses of rotenone, indicating that 1 ppm or lower concentrations are sufficient to cause death within a few hours. The LC50 in 24 h for these animals was determined to be ranged from 5 to 100 μg/L (Ling, 2003) . In the later stages of toxicosis, the death occurred due to renal and liver lesions (Ray, 1991 & Hayes and Laws, 1991) , cardiac and neurologic failure (Ling, 2003) and respiratory paralysis (Hyatt, 2004) . The study was focused to fulfill the following points; 1) Determination of the 96-h LC50 of rotenone to Nile tilapia, Oreochromis niloticus (O. niloticus) fingerlings, 2) investigate its toxic effects on liver Functions, antioxidants and lipid Peroxidation of O. niloticus fingerlings.
MATERIAL AND METHODS

1. Fish
One hundred and thirty (130) apparently healthy Nile tilapia fingerlings, with a body weight, averaged (30±5 g/fish) were gotten from a private farm at Kafr-Elsheikh province and conveyed alive in large plastic bags containing water enriched by oxygen (2/3), to the laboratory of the Department of Poultry and Fish Diseases, Faculty of Veterinary medicine, Alexandria University. All fish were placed in aquaria and were allowed to be acclimatized for 2 weeks prior to the experiments.
Fish maintenance and experimental conditions
Experiments were carried out in well-prepared aquaria sized [90 x 50 x 35 Cm], provided with chlorine-free tap water (Innes, 1966) . Nonstop electric aerators (Boyu U-9900-China) were preserved without water exchange. The temperature was held at [22± 1 °C] and of a pH value of 7.6 during the experimental period. During this period, fish were fed on a commercial pelleted diet twice per day, containing 25% crude protein, in a ratio of (3% of the body weight) (Eurell et al., 1978) .
3. Test chemicals
Rotenone was obtained from Sigma-Aldrich Chemical (C23H22O6, ≥95 % purity). It was dissolved in dimethyl formamide (DMF) (SigmaAldrich Chemical) Holcombe, 1985 & Holcombe et al., 1987) and prepared stock solution in dechlorinated water was operated. Appropriate quantities of the stock solution were supplemented to individual test aquarium to get the desired concentrations. All control fish were tested in nonpolluted water.
4. Kits for clinical-biochemical analysis
Kits handled for Alanine aminotransferase (ALT), lipid peroxide (Malondialdehyde, MDA), Aspartate aminotransferase (AST), Glutathione peroxidase (GPx), reduced glutathione, Glutathione-Stransferase (GST) and Catalase (CAT). These kits were obtained from Biodiagnostic and Biotechnology Co. (Egypt). Extra chemicals were purchased from other distributors in Egypt.
5. Experiment [I] [Determination of the lethal concentration 50% (LC50) (96 h Acute lethal Toxicity Test)]
Seventy (70) of the acclimated O. niloticus were subdivided into seven groups (each of 10 fish) ( Table 1) and were subjected to different levels of rotenone [10, 20, 30, 40, 50 and 60 µg / L] respectively. The last group was not subjected to rotenone and served as control group. Fish groups were closely observed for one 96 hrs and mortalities were recorded daily.
Experiment [II] (Sublethal toxicity Assays) 2.6.1. Experimental design
Sixty (60) of the acclimated fish were subdivided into 3 groups (each of 20 fish), and each group was reared in a separate aquarium. Fish of the first group was subjected to 1/10 of the LC50 of rotenone, the second group was subjected 1/2 of the LC50 of rotenone, while the last one served as control one. Fish groups were observed for consecutive five weeks, the clinical signs and mortalities were recorded daily. 
Bleeding and serum collection
Blood samples were collected weekly for five successive weeks from the caudal blood vessels. Fish body surface was wiped and dried out. Samples were assembled, relocated into Eppendorf tubes for serum collection. Serum detached through centrifugation at 3000 rpm for 10 minutes and utilized for spectrophotometric measuring of enzymes of liver functions as Aspartate aminotransferase (AST) and Alanine aminotransferase (ALT) that were (Lab. American Inc., USA).
Antioxidants and lipid peroxidation biomarkers:-
Frozen liver tissues were divided, carefully washed away with cold physiological saline (0.9% NaCl), weighed, crushed and mixed in 1.15% KCl solution (1:10 w/vol) using homogenizer. This homogenate was centrifuged at 1000 g for 30 minutes at 4°C. The supernatant was utilized for the following spectrophotometric assessments; glutathione peroxidase (GPx), glutathione-S-transferase (GST), and superoxide dismutase (SOD).
a. Lipid peroxidation (LPO)
It was determined by assessing the MDA amounts by the use of the thiobarbituric acid (TBA) color reaction (Ohkawa et al., 1979) , at a temperature of 95°C for 30 min to form a TBA-reactive product. The absorbance of the resultant pink product was considered at 534 nm. The results were determined as nmol MDA/ mg prot).
2.6.3.b. Superoxide dismutase (SOD) activity
The SOD activity was defined (Asada et al., 1974) , by monitoring the rate of inhibition of reduction of nitroblue tetrazolium (NBT) by the enzyme. The activity of SOD was expressed as unit per milligram of protein (U / mg prot). One unit represents the amount of enzyme required to produce 50% inhibition of NBT reduction per min.
2.6.3.c. Glutathione peroxidase (GPx) enzyme activity
The assay is an indirect measure of the activity of GPx. The GSSG that is produced upon the reduction of organic peroxide by GPx is recycled to its reduced state by GR. The oxidation of NADPH to NADP+ is accompanied by a decrease in absorbance at 340 nm (A340), providing a spectrophotometric means for monitoring GPx enzyme activity. To assay GPx, an aliquot of tissue homogenate was added to a solution containing GSH, GR, and NADPH. The enzyme reaction was initiated by adding the substrate, tertbutyl hydroperoxide, and the A340 was recorded. The rate of the decrease in A340 is directly proportional to the GPx activity in the tested sample. The GPx activity was measured spectrophotometrically and expressed as unit per milligram of protein (U / mg prot). One unit of GPx represents 1 μmol oxidized NADPH per min (Flohe and Grunzler, 1984) .
2.6.3.d. Glutathione S-transferase (GST) enzyme activity
The GST activity in tissue homogenates was assayed spectrophotometrically (Habig et al., 1974) . By measuring the conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with reduced glutathione. The conjugation is accompanied by an increase in absorbance at 340 nm. The rate of increase is directly proportional to the GST activity in the sample and expressed as unit per milligram of protein (U/mg prot). One unit was defined as 1 μmol CDNB-GSH conjugate formed per minute.
2.6.3.e. Catalase activity (CAT)
The catalase enzyme (CAT) (Aebi, 1984) reacts with a known quantity of H2O2, and the reaction is stopped after 1 min with a CAT inhibitor. In the presence of peroxidase, the remaining H2O2 reacts with 3,5-dichloro-2-hydroxybenzene sulfonic acid and 4-aminophenazone to form a chromophore, with a color intensity inversely proportional to the amount of CAT in the sample. The absorbance was measured at 510 nm.
Statistical analysis
SPSS statistical package version 17.0 for Windows was used for all data analysis. One way ANOVA was carried out to illustrate the significant difference between the different groups within different periods of exposure SAS (1987) . All data are expressed as means ± standard deviation (SD) of the means and the levels of significance were represented for each other. A p-value less than 0.05 are considered statistically significant.
RESULTS
Results showed that rotenone-induced significant high mortality in O. niloticus fingerlings with LC50 of 30 μg/L, and fish exhibited neurological signs and respiratory distress before death. It was observed that in relation to control group, both sublethal doses of rotenone (3 and 15 µg/L) were considerably (p<0.01) elevated the serum levels of AST and ALT at 28 and 35 days post exposure which reveals hepatotoxicity (Table 2 ).
In the liver tissues, SOD and GPx activities (Table  3) were lowered in both sublethal doses of rotenone throughout the whole exposure period in comparison to the control values, while the MDA levels were raised in liver significantly (P < 0.01) throughout the exposure period in comparison to control group. Furthermore, the sublethal dose 15 µg/L of rotenone expressed higher levels of MDA especially after 28 and 35 days post exposure. In the liver tissues, LPO, GST and CAT activities (Table 4) were increased in both sublethal doses of rotenone (P < 0.01) throughout the whole exposure period in comparison to the control values. Furthermore, the sublethal dose 15 µg/L of rotenone expressed higher levels especially after 28 and 35 days post exposure. Means within the same column of different litters are significantly different at (P < 0.01) Means within the same column of different litters are significantly different at (P < 0.01) Means within the same column of different litters are significantly different at (P < 0.01)
DISCUSSION
Rotenone is a remarkably toxicant pesticide for several fish species. In the acute lethal toxicity (96h LC50) testing of rotenone in O. niloticus, it was found that LC50 was 30 μg/L and fish exhibited neurological signs and respiratory distress before death. It was found that this result was lowered than that reviewed by (Rach et al., 2009) , who stated that Prenfish (Commercialized rotenone) 24-h LC50 values at 12 0 C for Silver carp and Bighead carp were 114 and 82.0 µg/L, respectively. And, for the 96-h exposures at 12 0 C, LC50 value was 62.0 µg/L for silver carp and 69.0 µg/L for bighead carp. Also, Chapman et al. (2003) informed that 250-µg/L rotenone was toxic to all silver carp and bighead carp within 4 h and that both large and small fish were sensitive to rotenone. And Marking and Bills (1981) reported that the 96-h LC50 for Noxfish (5% rotenone) was 55.8 µg/L for silver carp and 43.7 µg/L for bighead carp. Additionally, the result of 96h LC50 of rotenone in O. niloticus was higher than that obtained by Henderson (1976) who testified that 10-µg/L rotenone applied for 6 h was toxic to silver carp and bighead carp, Marking and Bills (1976) reported 24 h and 96 h LC50 values for M. dolomieu of 0.093 and 0.079 mg l−1 rotenone, respectively, when exposed to the commercial piscicide formulation Noxfish (5% active ingredient), and also stated that LC50 value of 0.2 mg/L of channel catfish, Ictalurus punctatus. Similarly, Bluegill, Lepomis macrochirus and Largemouth bass, Micropterus salmoides had LC50 values of 0.1 mg/L (Howland, 1969) , while in Silver carp, Hypophthalmichthys molitrix, Bighead carp, H. nobilis, and Common carp, Cyprinus carpio had LC50 values, ranging from 0.07 to 0.05mg/L (Rach et al., 2009) . Also, Finlayson et al. (2010) reported that rainbow trout 4-and 8-h LC50 values were 7.4 and 5.3 µg/L rotenone from CFT Legumine and 7.7 and 6.2 µg/L rotenone from Nusyn-Noxfish. Furthermore, Ogunsanya et al. (2011) indicated that juvenile Giant River Freshwater Prawn, Macrobrachium rosenbergii had LC50 of 6.2 mg/L (bioassay 1) and 7.5 mg/L (bioassay 2) when exposed to Prentox Prenfish rotenone. These differences in LC50 values of rotenone may be attributed to many factors such as the period of exposure, concentration of rotenone, fish species, and season of the year and water temperature. In relation to control group, both sublethal doses of rotenone (3 and 15 µg/L) were appreciably (p<0.01) raised the levels of AST and ALT in the serum at 28 and 35 days post exposure which reveals hepatotoxicity. It was found that the liver functions biomarkers as serum ALT and AST has been used to observe the hepatic cellular damage and subsequent toxicity responses (Yang and Chen, 2003; O'Neill et al., 1998 & Congleton and La Voie, 2001) . It was highlighted that their evaluation considered being valuable tool for diagnosis of fish toxicology, and to recognize the fish healthy condition and organs disturbed by toxicants (Zikic et al. 2001 & McDonald and Grosell, 2006) . Rotenone is deleterious to mitochondria. It binds to complex I proteins, blocks adenosine triphosphate production, and promotes the formation of free radicals, which activate mechanisms of oxidative stress (Drechsel and Patel, 2008) . Generally, the antioxidant enzymes were determined to perform synergistically for the protection from the oxidative stress and tissue damage. They were taken in consideration as biomarkers of reactive oxygen species (ROS) arbitrating the toxicant contact and also as a prospective indicator in environmental pollution evaluation (Kohen and Nyska 2002 & Livingstone, 2001 ). The ROS were detoxified by a group of antioxidant enzymes, which guard the molecules as proteins, lipids, and nucleic acids against harm (Lushchak et al., 2001) . Several reviews uncovered that toxicants exposure can endorse the intracellular formation of ROS, that trigger oxidative impairment of the biosystems (Ercal et al., 2001) . The earliest bioindicators of oxidative stress are perceived as alterations in enzyme activities. The antioxidant defense systems have two main classes: enzymatic (e.g., CAT, SOD, GST, and GPx) and nonenzymatic (e.g., GSH). SOD, CAT, GST, GPx and GSH that were considered as the protective agents and were recognized as initial signs of the sensitivity of the cells to injury caused by free radicals (Vijayavel et al., 2006) . In O. niloticus, Liver Superoxide dismutase (SOD) and GPx activities were decreased in both sublethal doses of rotenone throughout the whole exposure period in comparison to the control values, while levels of MDA were elevated in liver considerably (P < 0.01) throughout the period of exposure in comparison to control group. Furthermore, the sublethal dose 15 µg/L of rotenone expressed higher levels of MDA especially after 28 and 35 days post exposure. The mechanism of action of GPx was through the detoxification of hydrogen peroxides that created in the lipid peroxidation (Halliwell and Gutteridge, 1999) . It was found that the liver LPO, GST, and CAT activities were increased in both sublethal doses of rotenone (P < 0.01) throughout the whole exposure period in comparison to the control values. Furthermore, the sublethal dose 15 µg/L of rotenone expressed higher levels especially after 28 and 35 days post exposure. The GST mechanism of action is through the formation of multifunctional phase II biotransformation enzymes, and involved in disrupting the conjugation of glutathione to various compounds, the transportation, and removal of reactive compounds that have other indirect antioxidant functions (Livingstone, 2003) . Furthermore, CAT is considered to be a main antioxidant protection constituent, which guards the fish against the oxidative stress ( Atli and Canli, 2007) . Additionally, LPO was considered as the first step of cell membrane impairment with toxicants (Viarengo, 1989; Ahmad, 1995 & Livingstone, 2001 .
CONCLUSIONS
The adverse effects of rotenone, in this study, were detected at the LD50 concentration (30 μg/L), causing significant neurological signs and respiratory distress. Additionally, rotenone is an enormously toxic pesticide. Acquaintance to sublethal concentrations of rotenone (3 and 15 µg/L) provoked biochemical changes hindering serum liver functions test (ALT and AST) as well as the oxidative stress markers SOD and GPx. It was concluded that understanding the rotenone toxicity is important to create harmless processes for direct uses and to find out an innocent release in effluents. 6. REFERENCES
